The search yielded 737 eligible articles which were screened by two independent reviewers. Randomized controlled trials (RCT) with adults who participated in preoperative exercise interventions as part of a prehab or preoperative exercise program for spinal surgery versus standard care were included.
Methodology and results of the studies were critically appraised in conformity with PRISMA guidelines.
Three RCTs were included, all of which analyzed outcomes of prehab following lumbar spinal surgery. Two of the articles were of high quality and three were of low quality. None of the studies demonstrated a statistically significant difference in pain scores or disability questionnaires in the intervention groups postoperatively, however, no negative effects were reported either. With neuroscience education, patient's reported feeling prepared for surgery and expressed positive outlook regarding the intervention. Two of the studies found perioperative intervention reduced the total cost of healthcare spending associated with spinal surgery. Due to the heterogeneity of the outcome measures, a meta-analysis was not possible.
There is lack of significant evidence looking at functional outcomes using physical therapy prior to spinal surgery. Prehab should continue to be researched prior to spinal surgery to determine effectiveness in patient outcomes.
Introduction And Background
In 2012, musculoskeletal pain was present in 52.1% of individuals over 18 years old in the United States [1] . Low back pain (LBP) was the most prevalent at 28.6%, followed by knee pain at 18.1%, and neck pain at 15.2%. The number of physician visits involving a complaint of back pain increased from 44.6 million in 2004 to 52.8 million in 2012 [1] . In 2012, the approximate annual direct medical cost for treatment of spine-related problems was $253 billion. This is likely an underestimation due to outpatient treatment, chiropractic care, physical therapy and other alternative care not being included in this approximation [1] .
According to Spine-Health, spinal surgery is indicated when a patient's neck or back pain fails with conservative treatments and becomes disabling [2] but also in the face of progressive neurological deficit or deformity. Spinal decompression (such as a microdiscectomy or laminectomy) and spinal fusion are often the chosen surgical interventions. The purpose of decompression surgery is to relieve pressure on a nerve root by removing the irritating bone or disc material, which has resulted from a herniated disc or spinal stenosis. Spinal fusion, however, involves reducing motion at a painful vertebral segment by insertion or onlay of bone graft, with or without hardware. This procedure is typically indicated for individuals with degenerative disc disease (DDD) or spondylolisthesis [2] .
Spinal surgeries especially spinal fusions in the United States increased dramatically in the last two decades from approximately 61,000 in 1993 to over 450,000 in 2011 [3] . The Agency for Healthcare Research and Quality's Healthcare Cost and Usefulness Project reported an increase in spinal fusions by 40% from 1998 to 2004 [4] . According to the Health Care Utilization Project fusions construct the largest national bill of any hospital-based surgery evaluated at $40 billion [5] . High costs, prolonged hospital stays and surgical readmissions require the construction of improved clinical route and outcomes for the patient [6] .
Evidence supporting rehabilitation following spinal surgery is extensive. In a Cochrane Review, Oosterhuis et al. concluded that there is a low-quality evidence that physical therapy after surgery leads to improved function and that multidisciplinary rehabilitation accelerated the subject's return to work [7] . Short-term pain and functional status were improved with exercise with greater gains when the intervention was high-intensity exercise. None of the studies included in the review reported an increased reoperation rate.
Prehabilitation (prehab) refers to the process of enhancing the functional capacity of an individual in preparation for an anticipated surgical procedure [8] . Theoretically, individuals will be prepared to appropriately handle stresses associated with surgical procedures when they have undergone targeted physical and cognitive training. A generic prehab program includes a warm-up, cardiovascular component, resistance exercises and functional training [9] . Studies have suggested that a physical exercise regimen in the weeks leading up to surgery can improve recovery, physical function, reduce postoperative pain and decrease the length of the hospital stay after orthopedic surgery [10] .
A significant link between the benefits of prehab and spine surgery has not been well established as it has been for hip and knee surgeries. Desmeules et al. concluded that prehab was effective in increasing physical function in patients undergoing total hip arthroplasty (THA) or total knee arthroplasty (TKA) by improvement in Lower Extremity Function Score, Self-Paced Walk, Timed Up and Go, and stair test performance following surgery [11] [14] .
A systematic review analyzed the effect of a peri-operative physiotherapeutic intervention in individuals with degenerative lumbar conditions awaiting surgery [15] . A few studies suggested a reduction in pain and increased functionality as a response to peri-operative physiotherapeutic intervention. Limitation of high-quality evidence indicates a need for further review of the current literature regarding prehab prior to spine surgeries.
The purpose of this review is to determine whether prehab improves functional outcomes and reduces costs following spinal surgery.
Review Methods
A literature search was conducted using the following electronic databases: PubMed, CINHAL via EBSCO and EMBASE via Ovid. The following keywords were used in combination: "physical therapy", "physiotherapy", "prehabilitation" or "prehab", "spine" or "spinal", and "preoperative" or "pre-op." A total of 737 studies were identified.
Studies were included for further analysis if they were randomized controlled trials (RCT) where subjects participated in prehab prior to spinal surgery as they produce higher probability. Both lumbar and cervical spine surgeries were included. The underlying disease or disorder that leads to spinal surgery was not specified. Non-English articles were excluded from all searches and only studies examining adult participants were included. Publication dates were limited to the past 10 years, from May 2006 to May 2016.
Screening for study design and relevant abstracts decreased the number of studies included in this review to a total of five articles. Of these five articles, two were studies completed alongside their original RCTs to analyze the cost-effectiveness of the intervention. Therefore, the results of our literature search yielded three distinct experimental protocols but five published articles based on RCTs. All studies included analyzed outcomes of prehab following lumbar spinal surgery.
Results
Data from three RCTs (n = 217) were analyzed. These studies compared the results of a perioperative intervention versus standard care for lumbar surgery candidates (LSC). Rolving et al. investigated cognitive-behavioral therapy (CBT) intervention [16, 17] . Louw et al. analyzed neuroscience education (NE) intervention [18] , and Nielsen et al. examined prehab [19, 20] . In the following tables, Table 1 displays details of the studies and interventions, Table 2 describes Pedro score analyses and Table 3 describes the CBT intervention. interdisciplinary team and a previously operated patient. The goal of CBT is to identify and challenge a patient's maladaptive thoughts and modify feelings and behaviors in order to alter their pain experience. Topics included the interaction of cognitive and pain perception, coping strategies, pacing principles, ergonomic directions, return to work and details about the surgical procedure. Refer to Table 3 for outlines of the CBT intervention. Outcome measures were collected at baseline, three months, six months and one-year post-op. Results showed there were no significant differences between groups in back or leg pain, return to work rate or sick leave during a one-year follow-up. There was no significant difference in Oswestry Disability Index (ODI) scores between groups at the one-year follow-up (p = 0.082), but there was a statistically significant difference in ODI scores between groups at three months (p = 0.003) in favor of the CBT group. Psychological outcome measures including the FearAvoidance Beliefs Questionnaire physical activity subscale (FABQ-PA) and Coping Strategies Questionnaire-Catastrophizing scale (CSQ-CAT) demonstrated a statistically significant difference between groups at six months (FABQ-PA: p = 0.01, CSQ-CAT: p = 0.04). No significant differences between groups in back pain, leg pain, return to work rate, sick leave, psychological outcomes or ODI scores during one-year follow-up were found.
In an economic evaluation conducted alongside this RCT, the cost-effectiveness of pre-op and post-op CBT were analyzed, which is shown in standard pre-op education. The goal of NE is to help facilitate patients in conceptualizing their pain as up-regulation of the nervous system rather than dysfunction of the tissue. Measures were taken at baseline, one month, three months, six months, and 12 months post-op. There were no significant differences between groups in the numeric pain rating scale (NPRS) for leg pain, LBP, or ODI scores at any time. The group that received NE scored significantly better for survey questions "I was fully prepared for the surgery" (p = 0.010), "The preoperative education I received prepared me well for the surgery" (p = 0.001) and "The surgery met my expectations" (p = 0.042).
One year after the surgery total mean healthcare expenditure for the experimental group was 45% less than the control group (p = 0.007). Economic costs are listed in Table 5 . The usual care group used more radiographs (47 vs 17, p = 0.015) and physical therapy (394 vs 113, p < 0.001) than the intervention group. Refer to Table 5 for economic results. 
PT: Physical therapy
Nielsen et al. examined the effectiveness of prehab and early rehabilitation after spinal surgery [19] . Outcome measures were taken at the time of inclusion, hospital admission, hospital discharge, one month, three months and six months post-op. The intervention group's recovery period was shorter (1-6 days vs 3-13 days, p = 0.001) and they spent fewer days in the hospital (median 5 days vs 7 days, p = 0.007). They also experienced less pain (p = 0.03), and less LBP intensity (p = 0.02) according to the area under the curve analysis. When comparing satisfaction of the treatment and outcome, more patients from the intervention group responded positively (53.6% vs 21.9%, p = 0.02). No differences were noted in radiating pain, timed-up-and-go, sit-to-stand, Brief Pain Inventory Questionnaire and 15D between groups.
Nielsen et al. estimated the costs of prehab and early rehab after lumbar surgery. Direct costs are listed in Table 6 . Primary surgical intervention and post-op care costs were identical between groups; indirect costs were related to loss of productivity until return to work [20] . indirect costs. There was a difference in direct costs between the intervention group and control group. The intervention group lost fewer days of work and indirect costs were lower. In total, the intervention group costs were less than the control group by 15%. The experimental group had higher pre-op costs due to physical therapy evaluation and treatment, smoking intervention and pain treatment. The experimental group had lower post-op hospital costs mainly due to a decreased hospital stay and no secondary surgery. The authors reported that a revision surgery for one patient in the control group that cost $9,198 [13] accounted for 15% of extra costs. Economical outcomes in patients with perioperative intervention look promising when compared to standard care. In one of the studies, there was no difference reported between total economic costs in control and experimental groups (Rolving et al., see Table 6 ). However, in two other studies, perioperative intervention reduced total cost of treatment (Louw et al., see Table 6 and Nielsen et al., see Table 6 ). Unfortunately, limited information and different costs measurements provided in published reports from these studies did not allow us to run more formal meta-analysis and produce forest plot to evaluate the global difference in total costs between treatment and control groups by pooling economical outcomes (with standard deviations) from all three eligible studies.
In Rolving et al., although ODI scores were not significantly different at six months and one year, p-values were nearly statistically significant (p = 0.056 at six months, p = 0.082 at one year) [15] . In Louw et al. NE was not effective for improving pain measured by NPRS or improving function measured by ODI at one, three, six or 12 months postoperatively [17] . Even though the experimental group had lower scores for back pain, leg pain, and ODI at all measurement times except for 12 months (back pain and ODI), these differences were not statistically significant. According to Nielsen et al., results showed prehab and early rehab proved to be effective for improving pain intensity according to the VAS as determined by area under the curve [18] . However, no statistical analysis was directly provided regarding LBP and radiating pain median values for the control or intervention groups. No significant differences were noted in radiating pain, timed-up-and-go, sit-to-stand or Brief Pain Inventory Questionnaire.
Discussion
Although the studies examined in this review did not demonstrate significant improvements in all outcome measures, there were no negative effects from any of the interventions reported.
In Rolving et al., the authors claimed that this study was the first to investigate CBT prior to spinal surgery [15] . The strength of this study was both groups received identical therapy except for the addition of CBT in the experimental group, which would isolate the effects of CBT. Also, authors reported a high follow-up rate in both intervention and control groups. The authors stated lack of blinding participants based on the structure of the study as a limitation. Furthermore, the authors had little control over therapy following surgery due to local standard policies. A noted limitation of this review was that the CBT group received supervision from more medical professionals than the control group, which may have influenced results.
Louw et al. suggested the strength in this study was the different educational content focusing on neurobiology along with pain neurophysiology leading to a better surgical experience of the subjects overall [17] . However, the authors mentioned that a lack of educational reinforcement after the surgery might have limited the outcome of the education session that was done prior to the surgery. The language used to explain the nervous system may have been too complex for the general population, which could be a limitation. Furthermore, the patients received an educational booklet to read on their own without a follow-up, which may have reduced the quality of the control intervention. Lastly, physical therapy sessions were not monitored but may or may not have contributed to the overall physical and mental recovery from surgery.
Nielsen et al. claimed theirs was the first study to analyze the effects of prehab and early rehab following spinal surgery [18] . The authors reported the strength of the study was a low 19% drop-out rate. Compliance was also high with the intervention group, noting that the subjects attended more than 80% of the training days. However, the authors reported weaknesses such as prolonged hospital stay duration and delayed discharge time due to complications, traditions, expectations and staff management. The authors also mentioned the disadvantage of a small number of subjects that were not blinded, which could have led to an overestimation of positive results. It was difficult to determine what factors led to improvements in the intervention group since there were various pain medications, prehab exercise programs, durations and frequencies of PT mobilization post-operatively and protein drink supplements. Another weakness of the study is that prehab was a self-reported home exercise program, which was neither controlled nor monitored by a physical therapist. Furthermore, the details of the standard inpatient rehab program applied to the control group were not specified and neither group's rehab plan was described after discharge from the hospital. This study also demonstrated flaws in regards to statistical reporting. p-values were only reported in the results for certain parameters; not all outcome measures. Additionally, a minimal relevant difference in length of the hospital was determined by the authors as two to three days without explanation.
In the economic evaluation, it is impossible to determine if the secondary surgery complication in the control group was a random occurrence or if the patient was at increased risk as a smoker and did not participate in the study's smoking cessation program [19] .
This review was limited to studies published in English. Brown et al. reported that prehab prior to TKA affects self-efficacy to exercise (SEE) and outcome expectations to exercise (OEE) [13] .
Although no significant differences were found between groups for SEE and OEE scores, the intervention group SEE score showed a trending improvement over the time period while the control group SEE scores worsened. Both Brown et al. and Louw et al. shared an underlying psychological link between prehabilitation, motivation to exercise and results of postoperative recovery.
An overview of previous studies concluded that physical therapy incorporating exercise after spinal surgery led to improved function, pain and faster time to return to work in short-term follow-ups [7] . Several studies analyzing the effects of prehab in conjunction with orthopedic surgery have demonstrated potential functional benefits following surgery [9] [10] [11] [12] [13] [14] [15] . A study protocol for an RCT has been recently published that examines the effects of a prehab program on patient recovery following spinal stenosis surgery [21] .
Pain and function were analyzed in each of these studies, however, direct comparisons could not be done due to insufficient data and different outcome measures used in each study.
Conclusions
Research regarding prehab and spinal surgery is still lacking. Studies included in this review examined different aspects of prehab and the outcomes following surgery such as pain, function, and costs. In Louw et al., NE was effective in reducing total healthcare expenditure by 45% compared to the control group. Furthermore, the NE group utilized significantly fewer PT visits as well as less than a third of the PT costs that the control group utilized. In Nielsen et al., intervention costs were 15% lower for the experimental group compared to the control group even though intervention costs were higher during the total prehab period. In Rolving et al., however, CBT did not prove to be economically favorable compared to standard treatment.
None of the studies provided definitive evidence supporting prehab based on lack of statistically significant differences in the intervention groups compared to the control groups and lack of standardization of treatment for a fair comparison. It is important to note that none of the participants from the intervention group experienced negative outcomes. Based on this literature review, we can conclude prehab interventions, even though most show preliminary promising results, need to be researched in detail prior to spinal surgery to determine its effectiveness in patient outcomes. Further research is needed to determine if prehab is effective for improving function, pain and reducing cost following spinal surgery. Future studies should incorporate improved methodological format and consistent statistical analysis. These studies should also include a clear description of the prehab intervention so that clinicians can replicate the study if it is shown to be effective.
